Background: A large-scale Japanese study showed that low skeletal muscle index (SMI) and intramuscular fat (IMF) deposition are associated with hepatocellular carcinoma (HCC) survival. Here, we evaluated the effects of SMI and IMF on the survival of Indonesian HCC patients, whose characteristics differ from those of Japanese patients. Methods: SMI and mean muscle attenuation (MA) were evaluated using computed tomography images of the third lumbar vertebra (L3) in a prospective cohort of 100 Indonesian HCC patients. Clinical, laboratory and body composition data were analysed using the Kaplan-Meier method and Cox regression model to investigate which factors are associated with prognosis. Results: Of 100 patients, 31 were diagnosed with sarcopenia (L3 SMI value ≤36.2 cm 2 /m 2 for men and ≤ 29.6 cm 2 / m 2 for women), and 65 had IMF deposition (MA value ≤44.4 HU for men and ≤ 39.3 HU for women). These groups had shorter median survival than the reference groups (both P < 0.0001). In multivariable analysis, sarcopenia (hazard ratio [HR], 1.921; P = 0.016), IMF deposition (HR, 3.580; P < 0.001), Barcelona Clinic Liver Cancer (BCLC) stages C and D (HR: 2.396, P < 0.01 and HR: 6.131, P < 0.01, respectively), Japan Integrated Staging (JIS) score 4 (HR: 2.067, P = 0.020), and male gender (HR: 3.211, P < 0.001) were independently associated with mortality.
Background
Hepatocellular carcinoma (HCC), a primary malignancy derived from hepatocytes, accounts for approximately 80% of all liver cancers with approximately 700,000 new cases of HCC are diagnosed each year globally [1] . The prognosis of the patients with HCC is very poor which places it as the second leading cause of cancer-related death worldwide [1, 2] . The incidence of HCC is rising in developed countries and continues to be high in endemic hepatitis B areas, such as Asia-Pacific region [3] .
In Indonesia, liver cancer is the fifth most commonly diagnosed cancer and was the fourth leading cause of cancer-related deaths in 2012 [4] . Because of its endemicity of hepatitis B virus (HBV) infection, which is the third-highest prevalence worldwide, HBV is regarded as the leading cause of HCC in Indonesia [5] . A previous study performed in Indonesia demonstrated that most patients are diagnosed at intermediate to advanced stages (Barcelona Clinic Liver Cancer [BCLC] stage B or C), are relatively young (mean age, 54 years), and have a poor prognosis with a median overall survival of 138 days [6] . However, patients with advanced HCC at diagnosis are ineligible for curative therapy and generally have poor long-term outcomes [7] .
Despite its high mortality rate, the prognostic factors for HCC remain controversial because the long-term prognosis of HCC is strongly associated with hepatic functional reserve and the stage of cancer progression [8] . Previous studies demonstrated that changes in body composition are associated with poor outcomes in cancer patients including HCC [9] . A large-scale retrospective study conducted in Japan revealed that loss of skeletal muscle, known as sarcopenia, and intramuscular fat (IMF) deposition, measured by computed tomography (CT), are related to the prognosis of HCC [2] . The pathophysiological mechanism linking sarcopenia and IMF deposition may include insulin resistance and increased levels of inflammatory cytokines, which are also associated with the progression of HCC [2, 10] .
However, the role of body composition in Indonesian HCC patients, whose clinical status differs from that of Japanese patients, in terms of the age of onset, causative virus, and stage at diagnosis [2] ; still remains unclear. In this study, we evaluated the impact of sarcopenia and IMF deposition on the survival of Indonesian HCC patients and identified the key prognostic factors for HCC in these patients.
Methods

Study design, patient selection, and follow-up strategy
The patients were enrolled at the Dr. Sardjito Hospital, Gadjah Mada University, Indonesia, a tertiary centre, between 2016 and 2018. This study was a prospective cohort study that included patients with HCC (confirmed by clinical judgment, dynamic CT, and/or fine needle aspiration biopsy) aged > 18 years. Patients with poorly controlled ascites were excluded because this might lead to overestimation of body mass index (BMI). Patients diagnosed with other malignancies up to 5 years before the HCC diagnosis were also excluded.
Patients underwent an abdominal CT scan within 1 month before or soon after the first admission. All patients signed a written informed consent form confirming their willingness to participate in the research. The authors collected data on the participants, including demographics and history of the present illness as well as past illnesses and family history, performed physical and laboratory evaluations, and performed the abdominal CT scan examination, which was validated by anatomical radiologists.
Liver-related morbidity and mortality rates were determined monthly from the date of the first admission for HCC until the date of death/or the end of the study (March 2019), whichever came first. Clinical, laboratory, and body composition assessments were comprehensively analysed using the Kaplan-Meier method and Cox regression model to investigate the critical features associated with prognosis.
Study measures
Clinical characteristics included in the study were age at enrolment, sex, BMI, presence of comorbidities (diabetes, hypertension), aetiologies of liver disease, alcohol consumption, history of cardiovascular or cerebrovascular disease, history of previous HCC treatment, presence of ascites and hepatic encephalopathy, and level of functioning, as measured by the Eastern Cooperative Oncology Group (ECOG) performance status scale. Laboratory characteristics included liver function tests (aspartate aminotransferase [AST] and alanine transaminase levels), total bilirubin, albumin levels, creatinine, electrolytes, complete blood count, C-reactive protein (CRP), international normalised ratio (INR), and alpha-fetoprotein (AFP) levels.
Tumour features were assessed using baseline CT imaging and included tumour size, number, type, presence of vascular invasion, direct invasion to adjacent organs and/or perforation of the visceral peritoneum, regional lymph node metastasis and distant metastasis. Child-Turcotte-Pugh (CP) stage score was calculated at baseline to evaluate liver function. BCLC stage, the Liver Cancer Study Group of Japan (LCSGJ) tumour node metastasis (TNM) stage, American Joint Committee on Cancer (AJCC) TNM stage 8th edition, and the Japan Integrated Staging (JIS) score, which is calculated by adding the TNM LCSGJ stage and CP score, were used in this study as the staging systems of HCC.
Body composition components, including skeletal muscle index (SMI) and muscle attenuation (MA), were measured on transverse CT images at the third lumbar vertebra (L3). Images were analysed using SliceOmatic V5.0 (Tomovision, QC Canada), which enables specific tissue demarcation using Hounsfield unit (HU) thresholds. A tissue threshold of − 29 to + 150 HU was used to determine the skeletal muscle area, which included the psoas, erector spinae, quadratus lumborum, transversus abdominis, external and internal obliques, and rectus abdominis muscles. 2 The skeletal muscle area was normalised to height in meters squared and expressed as SMI in cm 2 / m 2 . Mean MA was calculated using the same CT images to assess skeletal muscle quality and lipid content.
Sarcopenia was defined as a L3 SMI value ≤36.2 cm 2 / m 2 for men and ≤ 29.6 cm 2 /m 2 for women, as previously described 2 . Low MA is defined as mean muscle attenuation ≤44.4 HU in men and ≤ 39.3 HU in women [2] . A low MA value indicates an IMF content contributing to muscle weakness independent of age-associated loss in muscle mass. The CT scan results were interpreted by two expert radiologists who underwent inter-observer variability testing using the Kappa Score and showed a reliability > 75%.
Statistical analysis
Survival was calculated using the Kaplan-Meier method and compared using the log-rank ( 
Results
Patient characteristics
A total of 124 consecutive patients with HCC admitted to Dr. Sardjito Hospital were identified during the study period. Twenty-four patients were excluded because CT scan imaging data and/or required clinical/laboratory data were missing or because of concomitant malignancies. Therefore, 100 HCC patients were included in the final analyses. There were 74 men (74%), and the mean ± standard deviation age was 55.03 ± 11.20 years. The most common cause of HCC was hepatitis B infection (58%). Non-B non-C type (NBNC) HCC, which tests negative for HBV and HCV markers, ranked second (34%). All enrolled patients initially presented to the hospital after the onset of symptoms. The most common clinical signs or symptoms were malaise and nausea (76%), abdominal pain (68%), weight loss (80%), and hepatomegaly (92%); jaundice, ascites, splenomegaly, and hematemesis/ melena were observed in 25, 32, 30, and 11% of patients, respectively. The BCLC stage distribution and JIS score data suggested that most the patients were diagnosed at an intermediate to advanced stage (BCLC stage C, 59%; JIS score 3, 31%) and had relatively large tumours (mean diameter, 12.05 ± 4.97 cm). Interpretation of the CT scan indicated that the most common tumour types in Indonesian HCC patients were multiple (70%) and nodular (65%) types.
Because of the advanced-stage presentation, all patients were given only palliative (transarterial chemoembolisation [TACE]) or supportive treatment (end-stage life support). Some patients did not undergo TACE because of the long waiting list or died while waiting for TACE. Treatment with radiofrequency ablation (RFA) and the use of sorafenib were limited because of their high costs and lack of coverage by the national health insurance. The rate of alcohol consumption was low (only 8%) among these patients presumably because of religious practices and the limited availability of alcohol in the public market. Complete baseline characteristics are summarised in Table 1 .
Association between sarcopenia and HCC survival
Of the 100 patients included in the final analysis, 31 were diagnosed with sarcopenia (L3 SMI value ≤36.2 cm 2 /m 2 for men and ≤ 29.6 cm 2 /m 2 for women), of which 23 (75%) were men. At baseline, the median L3 SMI value was 39.94 ± 8.03 cm 2 /m 2 in men and 32.53 ± 5.23 cm 2 /m 2 in women. Inter-observer concordance on the L3 SMI value and mean muscle attenuation was > 95%.
The median survival of HCC patients was 92 ± 8.5 days. The Kaplan-Meier curves showed that median survival was shorter in patients with sarcopenia than in patients with high SMI/non-sarcopenia (29.0 ± 6.68 versus 133 ± 34.70 days, P < 0.0001), as shown in Fig. 1 . The Cox regression model indicated that sarcopenia was associated with poor prognosis, with a mean 3-month overall survival rate of 26 ± 8%, and a poor prognosis (HR, 1.921; 95% CI, 1.129-3.268; P = 0.016) in multivariate analysis ( Table 2) .
To examine the effects of sarcopenia on the prognosis of HCC patients, subgroup analyses were performed to compare survival between sarcopenia and non-sarcopenia patients grouped by gender, age, BCLC stage, and JIS score ( Fig. 2 ). Sarcopenia remained an independent predictor of reduced survival in the following subgroups: men, patients aged ≥55 years, patients with BCLC stage C, and patients with JIS score 4 (log-rank P < 0.0001, P < 0.0001, P < 0.0001, and P = 0.0028, respectively).
Baseline characteristics of the study population according to sarcopenic status are shown in Table 3 . Sarcopenia was significantly associated with higher CP score, INR, and blood potassium level (P < 0.001, P = 0.037, and P = 0.035, respectively), whereas albumin levels were lower in patients with sarcopenia than in patients without sarcopenia (P = 0.010).
Association between IMF deposition and HCC survival
As shown in Fig. 1 , patients with low MA and IMF deposition had a significantly shorter median survival than those with high MA (62.0 ± 13.82 versus 457 ± 77.13 days, P < 0.0001). In addition, the low MA group had a higher mortality rate (HR, 3.580; 95% CI, 1.895-6.764; P < 0.001) in multivariate analysis ( Table 2 ), suggesting that IMF deposition is associated with the progression of liver disease. An MA value ≤44.4 HU for men or ≤ 39.3 HU for women was established as the threshold for IMF deposition, and there was no significant difference between the proportion of men and women with a low MA value (Table 3) .
As summarised in Table 3 , patients with IMF deposition had significantly higher AST and CRP levels, which indicate the presence of local and systemic inflammation. In addition, the IMF deposition group showed higher AFP, INR, and CP score, and lower sodium and albumin levels, which are markers of the severity of liver cancer. In subgroup analyses, IMF deposition was significantly associated with poor survival among patients of the same gender (male, log-rank P < 0.0001), same age group (age ≥ 55 years old, log-rank P < 0.0001), same BCLC stage (BCLC stage C, log-rank P = 0.0004) and same JIS score (JIS score 3, log-rank P = 0.0006). This suggested that IMF deposition is a robust predictor of HCC survival (Fig. 2 ).
HCC staging system and significant factors affecting survival
To identify the optimal staging system for predicting prognosis and survival in Indonesian patients, we evaluated methods based on the anatomical characteristics of the tumour (TNM classification) and methods that combine the anatomical features of the tumour with an integrated assessment of liver disease, such as the BCLC stage and JIS score. As depicted in Fig. 3 , BCLC stage and the JIS score were significantly associated with poor survival in the Kaplan-Meier analysis, showing superior predictive power. These two systems were identified as independent predictors of survival compared with other prognostic systems (LCSGJ TNM stage and AJCC TNM stage 8th edition) as shown in Table 2 .
Univariate Cox analysis showed that the factors significantly associated with increased mortality were gender (P = 0.029; HR, 1.845), sarcopenia (P < 0.001; HR, 2.950), IMF deposition (P < 0.001; HR, 5.487), HBV infection (P = 0.002; HR, 2.326), CP class (P < 0.001; HR, 5.069 for class C), LCSGJ TNM stage (P < 0.001; HR, 3.308 for stage 4), AJCC 8th ed. TNM stage (P < 0.001; HR, 3.663 for stage 4), JIS score (P < 0.001; HR, 28.373 for score 5), BCLC stage (P < 0.001; HR, 65.958 for stage D), and AFP ≥200 ng/ml (P = 0.006; HR, 1.916). Multivariate analysis showed that gender (P < 0.001; HR, 3.211), sarcopenia (P = 0.016; HR, 1.921), IMF deposition (P < 0.001; HR, 3.580), JIS score (P = 0.020; HR, 2.067 for score 4), and BCLC stage (P = 0.003; HR, 6.131 for stage D) were independently and significantly associated with reduced survival. The detailed results of the univariate and multivariate analyses of liverrelated mortality are shown in Table 2 .
Discussion
To the best of our knowledge, this is the first study to show that body composition measures are associated with the prognosis of HCC in Indonesian patients. This study showed that both sarcopenia and IMF deposition predicted poor survival of HCC patients independently of demographics, cancer stage, and the degree of liver dysfunction.
In a large-scale retrospective cohort study of 1257 Japanese patients, both quantity (defined by low SMI) and quality (determined by low MA) of muscle were identified as significant predictors of HCC survival [2] . In Japan, where a national surveillance program has been applied to the high-risk population since 1980, 62% of HCC cases are diagnosed at BCLC stage A, and the median survival time for HCC patients is 47.2 months, which is considered the best in the world [6, 11] . In Japan, HCC is mostly caused by hepatitis C virus infection and is more prevalent in the older population (mean age, 68 years); this may affect sarcopenia status, as this term also refers to the age-related decline in muscle mass and function [2] . However, in Indonesia, the prevalent characteristics related to HCC are advanced-stage presentation, early-age onset, and HBV endemicity, which differ from those in Japan [6] . The present findings suggest that sarcopenia and IMF deposition could be used to predict the outcomes of HCC patients regardless of age, the causative virus, and stage at diagnosis. Sarcopenia, derived from the Greek words "sarcos" for flesh and "penia" for deficiency, was initially used to describe the decline in muscle mass and function related to the aging process [12] . However, later studies examined sarcopenia occurring in association with several types of cancer, such as ovarian cancer, lung cancer, pancreatic cancer, renal cell carcinoma, oesophageal cancer, and lymphoma, as this condition affects the overall survival of patients [9, 13] . Sarcopenia is also correlated with poor quality of life (QOL) and symptoms of depression, cognitive impairment, inflammatory bowel disease, and chronic kidney disease [14] [15] [16] .
Regarding liver disease, studies show that sarcopenia is associated with poor outcomes in patients with cirrhosis and HCC with reduced tolerance to chemotherapy [2, [17] [18] [19] . Recent studies show that sarcopenia is associated with lowgrade systemic inflammation, as indicated by increased inflammatory cytokines (IL-1, IL-6, and TNFα) leading to oxidative stress, which together with mitochondrial dysfunction, could be central to the pathogenesis of sarcopenia [2, 10, 20] .
Inflammation and stress-related signalling pathways, including nuclear factor-κB and signal transducer and activator of transcription, are critical players in the progression of liver fibrosis and HCC development [21] , which could explain the association of sarcopenia with poor prognosis in our study (Fig. 1) .
In addition to the decline of muscle mass, adipose tissue deposition in skeletal muscle has recently attracted interest in cancer research [2, 10, 13] . Normal skeletal muscles contain a small amount of fat that is used as a source of energy during aerobic activity [22] . An increase in muscle lipid content associated with decreased CT attenuation values within the muscle may represent a marker of myosteatosis or a possible surrogate for muscle function and quality [22, 23] . Low average skeletal muscle attenuation on CT is a more important indicator of a patient's functional status than the quantification of muscle mass [13] . The degree of adipose infiltration into skeletal muscle, the liver, and other organs is associated with increased triglyceride content and reduced insulin-stimulated glucose uptake, which interferes with insulin signalling and leads to insulin resistance [10, 23, 24] . Low skeletal muscle attenuation is associated with deficits in physical function, altered metabolism, and poor prognosis [23] . A previous study showed that muscle adiposity is strongly correlated with inflammation, which may depend on the secretory profile of adipocyte-derived factors, as shown by increased IL-6 expression and CRP levels in patients with intramuscular fat deposition [10] .
In the present study, HCC patients with IMF deposition had significantly higher levels of AST and CRP, indicative of local and systemic inflammation ( Table 3) . Further basic and clinical research focusing on intramuscular adipocytes and myosteatosis is warranted in the HCC population, particularly given the unique set of metabolic derangements associated with the disease.
The present results suggest that BCLC stage and the JIS score are superior indicators for predicting patient outcomes in HCC ( Table 2 ). The functional impairment caused by the underlying liver disease has a significant impact on outcomes, irrespective of tumour stage [8] . For this reason, systems that include only the anatomical characteristics of the tumour, such as the AJCC and LCSGJ staging systems, which stratify patients using the TNM classification, do not have an excellent predictive capability [8] .
Analyses performed in US and Asian patients of any stage demonstrated that the BCLC system has a stronger predictive power than other systems, since it integrates information about tumour extension, liver function, and the presence of constitutional symptoms, providing important information to guide therapeutic choices [8, 25, 26] . The JIS score, which combines TNM and Child-Pugh and is widely used in Japan, showed good predictive value regarding survival in Indonesian HCC patients in our study [27] .
In the present study, survival was worse in men than in women ( Table 2 ). The gender disparity of HCC is an essential topic in hepatocarcinogenesis, as the incidence and mortality of HCC are significantly lower in women than in men [28] . Postmenopausal women are at a higher risk of developing HCC, suggesting that oestrogen has protective effects on HCC development and progression [28] . The male predominance of HCC could also be associated with androgen and androgen receptor (AR) signalling [29] . Increased testosterone levels are significantly associated with the risk of HCC. Androgen/AR signalling may promote early-stage hepatocarcinogenesis by increasing cell growth through the transcriptional regulation of transforming growth factor beta 1 and the modulation of cell cyclerelated kinase transcription [29] . However, a study of HCC survival conducted in Japan showed no significant difference in survival between men and women [2] . Further investigation of the roles of hormones in HCC progression is warranted, particularly because the efficacy of hormone therapy for liver cancer remains controversial [30] .
The present findings support that sarcopenia and IMF deposition are independent predictors of the survival of HCC patients, as shown in several studies in other populations [2, [17] [18] [19] . We believe that measurement of skeletal muscle mass and quantity should be added to widely used staging systems for HCC stratification in clinical practice. The present study had some limitations related to the small sample size and limited duration of observation. We attempted to overcome these challenges by performing a prospective cohort study in which patient status was followed-up each month to determine the correlation between skeletal muscle measurement and mortality. However, we were unable to address the question of causality in the present study. Additional basic research and larger clinical studies are necessary to clarify these issues.
Other limitation of our study is that we used a definition of sarcopenia based on cut-off values from CT measurements only and did not assess muscle function (strength or performance) for the diagnosis of sarcopenia. However, as also applied by other studies, imaging tools were used for evaluating and diagnosing sarcopenia in the clinical and research settings [9, 13] . In addition, we only included patients enrolled in Yogyakarta Province Hospital (RSUP Dr. Sardjito), a tertiary hospital that receives patients referred from several provinces in Indonesia. Furthermore, although the patients included were mostly Javanese, it is the most prevalent ethnic population in Indonesia (40.06%) [5] . Therefore, we believe that our data are representative of the overall Indonesian population.
Conclusions
In conclusion, we showed that skeletal muscle quantity and quality measurements can predict the outcomes of Indonesian patients with HCC. These factors may be linked to prognosis through various mechanisms, such as increased inflammation levels leading to disease progression. We also showed that BCLC stage and the JIS score had superior predictive value over other staging systems for predicting survival among Indonesian HCC patients. Increased awareness and early management strategies to prevent or reverse sarcopenia and IMF deposition in HCC patients might improve survival rates and outcomes.
